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Description

TECHNICAL FIELD

[0001] The present invention relates to radio commu-
nication systems and to communication control methods.

BACKGROUND ART

[0002] A variety of radio communication systems that
operate in accordance with 3GPP (Third Generation
Partnership Project) protocols are used. In a radio com-
munication system that operates in accordance with
LTE/SAE (Long Term Evolution/System Architecture Ev-
olution) protocol in the 3GPP protocols, a user device
performs cell searching to establish synchronization with
a macro base station so as to perform radio communi-
cation. In performing cell searching, the user device, by
calculating correlations between a synchronization sig-
nal transmitted by the macro base station and a replica
signal stored in the user device, detects a transmission
timing of the synchronization signal and a physical cell
identity (PCI) so as to recognize (identify) the macro base
station.

Related Art Document

Patent Document

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2009-188612
US 2009/316659 A1 relates to multi-component carrier
cells and a method of generating and informing compo-
nent carrier cell ID information. The method associates
different cell IDs on different carrier frequencies, such as
cell IDs of legacy LTE or HSPA cells, with a multi-com-
ponent carrier cell ID (i.e., component carriers belonging
to the same multi-carrier cell). Legacy cells use different
carrier frequencies f1, f2, and a multi-component carrier
cell comprises two such cells placed at the same site.
There is a cell ID a on frequency f1 and a cell ID b on
frequency f2. In order for the multi-carrier UE to find cell
ID b at frequency f2 when doing cell search on carrier
frequency f1, the cell a broadcasts on frequency f1 ex-
tended synchronization information that includes infor-
mation about cell ID b on carrier frequency f2. In a similar
way, the cell b broadcasts on frequency f2 extended syn-
chronization information that includes information about
cell ID a on carrier frequency f1 in order for the UE to find
cell ID a at frequency f1 when doing cell search on carrier
frequency f2. The UE determines that it is in a multi-com-
ponent carrier cell, with cell ID a on frequency f1 and cell
ID b on frequency f2, by detecting the extended synchro-
nization information. The UE can then carry out an im-
proved cell search procedure that uses the extended syn-
chronization information.

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0004] The radio communication system above is as-
sumed to include a new type of base station (hereinafter
referred to as a small base station) that performs radio
communication using a frequency band (e.g., 3.5 GHz
band) that is different from a frequency band that the
macro base station uses (e.g., 2 GHz band) to perform
radio communication. In a configuration in which the user
device performs cell searching in the frequency band
used by the macro base station and in the frequency
band used by the small base station, compared with a
configuration in which the user device performs cell
searching in a single frequency band, a processing load
on the user device to perform correlation calculations,
etc. is large, and therefore, the power consumption of
the user device is large.
[0005] In light of the situation described above, it is an
object of the present invention to reduce a processing
load on a user device to recognize base stations in a
radio communication system that includes multiple base
stations.

Means of Solving the Problems

[0006] This object is accomplished by the subject-mat-
ter of the independent claims. The dependent claims de-
scribe advantageous embodiments.
[0007] A radio communication system according to an
aspect includes: base stations that include a first base
station and a second base station, the first base station
performing radio communication using a first frequency
band and being identified by a first cell identity, the sec-
ond base station performing radio communication with
each of the base stations. The first base station includes:
a first transmitting unit that transmits, at a first transmis-
sion timing, a first synchronization signal that indicates
the first cell identity, which identifies the first base station.
The second base station includes: a second transmitting
unit that transmits an identification signal that indicates
the second cell identity, which identifies the second base
station. The user device includes: a cell searcher that
detects the first transmission timing based on the first
synchronization signal received from the first base station
and performs timing-search processing that establishes
synchronization with the first base station. The first base
station further includes: an information notifying unit that
notifies the user device of synchronization state informa-
tion related to a synchronization state between the first
base station and the second base station and of frequen-
cy information related to an identification signal frequen-
cy that the second base station uses to transmit the iden-
tification signal, the identification signal frequency being
included in the second frequency band. The cell searcher
of the user device, based on the synchronization state
information from the first base station, performs identify-
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ing processing on the identification signal frequency in-
dicated by the frequency information to identify the sec-
ond cell identity indicated by the identification signal.
[0008] Preferably, the first base station and the second
base station are synchronized with each other to perform
radio communication. The second transmitting unit of the
second base station transmits a second synchronization
signal at a second transmission timing. The synchroni-
zation state information, which is notified by the informa-
tion notifying unit of the first base station, indicates wheth-
er the first base station and the second base station are
synchronized. When the synchronization state informa-
tion indicates that the first base station and the second
base station are synchronized, the cell searcher of the
user device identifies the second transmission timing by
performing timing-search processing for the second base
station over a predetermined period that includes the first
transmission timing and performs identifying processing
based on the second transmission timing to identify the
second cell identity indicated by the identification signal.
[0009] Preferably, the second transmitting unit of the
second base station further transmits a cell-specific sig-
nal that includes the identification signal and is different
from the second synchronization signal, and the cell
searcher of the user device performs identifying process-
ing to identify the second cell identity indicated by the
identification signal included in the cell-specific signal.
[0010] Preferably, the information notifying unit of the
first base station transmits, to the user device UE, con-
figuration information that indicates a transmission timing
of the cell-specific signal and information on a CP length
in radio communication performed by the second base
station. The cell searcher of the user device, further using
the configuration information and the information on the
CP length, performs identifying processing to identify the
second cell identity indicated by the identification signal
included in the cell-specific signal.
[0011] Preferably, the second transmitting unit of the
second base station transmits a second synchronization
signal that includes the identification signal at the second
transmission timing, the second transmission timing be-
ing a timing that is delayed from the first transmission
timing at the first base station by a length of time that
corresponds to a transmission offset value. The synchro-
nization state information, which is notified by the infor-
mation notifying unit of the first base station, indicates
the transmission offset value for the first transmission
timing at the first base station. The cell searcher of the
user device, without performing timing-search process-
ing for the second base station, performs identifying
processing, based on the first transmission timing and
the transmission offset value indicated by the synchro-
nization state information, to identify the second cell iden-
tity indicated by the identification signal.
[0012] The second transmitting unit of the second base
station transmits a second synchronization signal that
includes the identification signal at the second transmis-
sion timing, the second transmission timing being a tim-

ing that is delayed from the first transmission timing at
the first base station by a length of time that corresponds
to a transmission offset value. The synchronization state
information, which is notified by the information notifying
unit of the first base station, indicates the transmission
offset value for the first transmission timing at the first
base station. The cell searcher of the user device iden-
tifies the second transmission timing by performing tim-
ing-search processing for the second base station over
a predetermined period that includes a transmission tim-
ing that is delayed from the first transmission timing by
the length of time that corresponds to the transmission
offset value indicated by the synchronization state infor-
mation and performs identifying processing based on the
second transmission timing to identify the second cell
identity indicated by the identification signal.
[0013] Preferably, the second base station further in-
cludes: a received power measuring unit that measures
received power of radio signals received from the first
base station; and an offset value setter that sets a trans-
mission offset value so that the transmission offset value
increases as the received power measured by the re-
ceived power measuring unit decreases. The second
transmitting unit of the second base station transmits a
second synchronization signal that includes the identifi-
cation signal at the second transmission timing, the sec-
ond transmission timing being a timing that is advanced
from the first transmission timing at the first base station
by a length of time that corresponds to the transmission
offset value. The synchronization state information,
which is notified by the information notifying unit of the
first base station, indicates whether the first base station
and the second base station are synchronized. When the
synchronization state information indicates that the first
base station and the second base station are synchro-
nized, the cell searcher of the user device, without per-
forming timing-search processing for the second base
station, performs identifying processing based on the first
transmission timing to identify the second cell identity
indicated by the identification signal.
[0014] Preferably, the synchronization state informa-
tion further includes an identity list that indicates second
cell identities that correspond to second base stations,
and the cell searcher of the user device performs the
identifying processing only for the second base stations,
which correspond to the second cell identities indicated
by the identity list.
[0015] Preferably, the user device further includes a
terminal transmitting unit that transmits a terminal dis-
covery signal that indicates a terminal identifier that iden-
tifies the user device, and the second transmitting unit of
the second base station transmits the identification signal
that has a common signal format with the terminal dis-
covery signal.
[0016] Preferably, the second transmitting unit of the
second base station transmits the identification signal in
accordance with an identification signal pattern, the iden-
tification signal pattern indicating a configuration of the
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identification signal in each of the subframes and identi-
fying the second base station.
[0017] A communication control method according to
the present invention is used in a radio communication
system that includes: base stations that include a first
base station and a second base station, the first base
station performing radio communication using a first fre-
quency band and being identified by a first cell identity,
the second base station performing radio communication
using a second frequency band and being identified by
a second cell identity; and a user device that performs
radio communication with each of the base stations. The
communication control method includes: in the first base
station, transmitting, at a first transmission timing, a first
synchronization signal that indicates the first cell identity,
which identifies the first base station, in the second base
station, transmitting an identification signal that indicates
the second cell identity, which identifies the second base
station, in the user device, detecting the first transmission
timing based on the first synchronization signal received
from the first base station and performing timing-search
processing that establishes synchronization with the first
base station, in the first base station, notifying the user
device of synchronization state information related to a
synchronization state between the first base station and
the second base station and of frequency information
related to an identification signal frequency that the sec-
ond base station uses to transmit the identification signal,
the identification signal frequency being included in the
second frequency band, and in the user device, using
the synchronization state information from the first base
station, performing identifying processing on the identi-
fication signal frequency indicated by the frequency in-
formation to identify the second cell identity included in
the identification signal.

Effect of the Invention

[0018] According to the present invention, the user de-
vice performs identifying processing to identify the sec-
ond cell identity indicated by the second synchronization
signal transmitted by the second base station based on
the frequency information and the synchronization state
information notified by the first base station. Because tim-
ing-search processing for the small base station PhNB
is omitted, a processing load on the user device UE to
recognize the small base station PhNB is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a block diagram showing a radio commu-
nication system according to a first embodiment;
FIG. 2 is a diagram showing an example of cells that
base stations form around themselves;
FIG. 3 is a diagram showing a format of a radio frame;
FIG. 4 is a table showing local identities and group

identities included in physical cell identities;
FIG. 5 is a flow diagram schematically showing a
flow of operations for synchronization establishment
and cell recognition (cell searching) using synchro-
nization signals;
FIG. 6 is an operation flow showing an example of
physical cell identity identifying processing accord-
ing to the first embodiment;
FIG. 7 is a diagram showing an example of radio
signal transmission performed by a macro base sta-
tion and a small base station according to the first
embodiment;
FIG. 8 is a block diagram showing a configuration of
a user device according to the first embodiment;
FIG. 9 is a block diagram showing a configuration of
the macro base station according to the first embod-
iment;
FIG. 10 is a block diagram showing a configuration
of the small base station according to the first em-
bodiment;
FIG. 11 is a diagram showing an example of radio
signal transmission performed by a macro base sta-
tion and a small base station according to a second
embodiment;
FIG. 12 is a diagram showing identifying processing
to identify the physical cell identity of the small base
station according to the second embodiment;
FIG. 13 is a block diagram showing a radio commu-
nication system according to a third embodiment;
FIG. 14 is a block diagram showing a configuration
of a small base station according to the third embod-
iment;
FIG. 15 is a block diagram showing a radio commu-
nication system according to a seventh embodiment;
FIG. 16 is a diagram showing reference signals in
the seventh embodiment;
FIG. 17 is a block diagram showing a radio commu-
nication system according to an eighth embodiment;
FIG. 18 is a block diagram showing a configuration
of a user device according to the eighth embodiment;
FIG. 19 is a diagram showing terminal discovery sig-
nals transmitted by user devices of the eighth em-
bodiment;
FIG. 20 is a diagram showing identification signals
transmitted by small base stations of the eighth em-
bodiment;
FIG. 21 is a diagram showing a configuration of CSI-
RS’s in a resource block in a ninth embodiment;
FIG. 22 is a diagram showing an example of a hop-
ping pattern in the ninth embodiment;
FIG. 23 is a diagram showing an example of a mod-
ification to the hopping pattern; and
FIG. 24 is a diagram showing a modification in which
a new-version user device and an old-version user
device coexist.
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MODES FOR CARRYING OUT THE INVENTION

1. First Embodiment

1(1). Outline of Radio Communication System

[0020] FIG. 1 is a block diagram showing a radio com-
munication system CS according to a first embodiment
of the present invention. The radio communication sys-
tem CS includes, as its elements, a macro base station
eNB, a small base station PhNB, and a user device UE.
The radio communication system CS may include, in ad-
dition to the elements above, other elements not shown
in the figure, for example, a switching center, a serving
gateway, and a PDN gateway, etc. A network NW in-
cludes the above-mentioned elements that the radio
communication system CS includes, except for the user
device UE.
[0021] Each element in the radio communication sys-
tem CS performs communication in accordance with a
predetermined access technology, e.g., LTE/SAE (Long
Term Evolution/System Architecture Evolution) protocol
included in the 3GPP (Third Generation Partnership
Project) protocols. In accordance with terms specified in
the 3GPP protocols, the user device UE is a User Equip-
ment, the macro base station eNB is an evolved Node
B, the switching center is a Mobile Management Entity,
the serving gateway is a Serving Gateway, and the PDN
gateway is a Packet Data Network Gateway. The small
base station PhNB is a new type of base station that
performs radio communication using a frequency band
that is different from a frequency band that the macro
base station eNB uses (details below).
[0022] The user device UE can perform radio commu-
nication with the macro base station eNB and with the
small base station PhNB. Each of the base stations (eNB
and PhNB) is identified by a unique physical cell identity
PCI. As described later, each of the base stations (eNB
and PhNB) may be identified by a unique identification
signal. A scheme for radio communication between the
user device UE and each of the base stations (eNB and
PhNB) can be freely chosen. For example, OFDMA (Or-
thogonal Frequency Division Multiple Access) may be
adopted for downlink, whereas SC-FDMA (Single-Carri-
er Frequency Division Multiple Access) may be adopted
for uplink. The macro base station eNB and the small
base stations PhNB may perform radio communication
using different schemes.
[0023] The macro base station eNB and the small base
station PhNB are interconnected by a wired interface,
such as optical fiber, that can transmit clock signals. The
macro base station eNB and the small base station PhNB
can synchronize with each other according to clock sig-
nals. Clock signals may be generated at one of the base
stations (preferably at the macro base station eNB) to be
transmitted to the other base station. Alternatively, clock
signals to be transmitted to the base stations may be
generated at a clock generator (not shown in the figure)

that is placed separately from the base stations.
[0024] The macro base station eNB and the small base
station PhNB are connected to a core network. The core
network is a packet communication network that includes
the switching center, the serving gateway, and the PDN
gateway, etc. The small base station PhNB may be con-
nected to the core network by being routed through the
macro base station eNB, instead of being connected di-
rectly to the core network.
[0025] FIG. 2 shows an example of cells C that the
base stations (eNB and PhNB) form around themselves.
The macro base station eNB forms a macro cell C1
around it, and small base stations PhNB form small cells
C2 around them. An antenna of each base station is sche-
matically shown in each cell C. Although, for descriptive
purposes, a plane on which the macro cell C1 is shown
differs from a plane on which small cells C2 are shown,
in reality, the macro cell C1 and the small cells C2 can
be overlaid on the same plane, such as a land surface.
A cell C of a base station is a range within which radio
waves from the base station effectively reach a user de-
vice UE. The user device UE can, therefore, communi-
cate by radio with the base station that corresponds to
the cell C within which the user device UE resides.
[0026] Compared with a macro base station eNB, a
small base station PhNB is smaller in scale and has lower
radio transmitting capabilities (average transmitting pow-
er, maximum transmitting power, etc.). A frequency band
that a small base station PhNB uses for radio communi-
cation (a second frequency band; e.g., 3.5 GHz band) is
higher in frequency and has a greater propagation loss
than a frequency band that a macro base station eNB
uses for radio communication (a first frequency band;
e.g., 2 GHz band). A small cell C2 is therefore smaller in
area than a macro cell C1.

1 (2). Radio Frame and Physical Cell Identity

[0027] FIG. 3 is a diagram showing a format of a radio
frame F that the macro base station eNB and the small
base station PhNB each transmit. A variety of radio sig-
nals (control signals, user signals, etc.) are transmitted
by the base stations (eNB and PhNB) using radio frames
F. One radio frame F contains ten subframes SF. The
time length of each subframe SF is 1 millisecond, and
the time length of one radio frame F is therefore 10 mil-
liseconds. Each subframe SF has one of subframe num-
bers that range from #0 to #9, the subframe numbers
being assigned in rotation to subframes SF in the order
of their transmission. A synchronization signal SS, which
indicates a physical cell identity PCI, is transmitted in the
first and the sixth subframes SF (SF#0 and SF#5) in a
radio frame F. A synchronization signal SS is transmitted
in a cycle of five subframes (i.e., every 5 milliseconds).
[0028] A physical cell identity PCI indicated by a syn-
chronization signal SS is assigned to each base station
(each cell), and is used for various kinds of processing,
such as synchronization establishment, cell recognition,
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channel estimation, data scrambling, etc. (refer to 3GPP
TS 36.211 V10.1.0 (2011-03), Chapter 6.11, Synchroni-
zation signals). A synchronization signal SS includes a
PSS (Primary Synchronization Signal), which indicates
a local identity of a cell, and an SSS (Secondary Syn-
chronization Signal), which indicates a group identity of
the cell. That is, a synchronization signal SS can serve
as an identification signal.
[0029] FIG. 4 is a table showing local identities and
group identities included in physical cell identities PCI.
There are 168 types of group identities and 3 types of
local identities. Because there are 3 types of local iden-
tities for each group identity, there are 504 (= 168 3 3)
types of physical cell identities PCI.

1 (3). Synchronization Establishment and Cell Recogni-
tion (Cell Searching)

1(3)-1. Outline of Synchronization Establishment and 
Cell Recognition (Cell Searching) Using Synchronization 
Signals

[0030] FIG. 5 is a flow diagram schematically showing
a flow of operations for synchronization establishment
and cell recognition (cell searching) using a synchroni-
zation signal SS (a PSS and an SSS). Cell searching
includes processing in the first phase and that in the sec-
ond phase. In the first phase, the user device UE calcu-
lates correlations between a radio signal received from
a base station (e.g., the macro base station eNB) and
PSS replica signals stored in the user device UE so as
to detect the transmission timing (subframe timing) of a
PSS included in the radio signal and the local identity.
Hereinafter, processing to detect the transmission timing
of PSS’s (subframe timing) may be referred to as "timing-
search processing".
[0031] In the second phase, the user device UE, based
on the transmission timing detected in the first phase,
calculates correlations between an SSS included in a
received radio signal and SSS replica signals stored in
the user device UE so as to detect the transmission timing
(frame timing) of an SSS included in the radio signal and
the group identity. By processing performed in the first
phase and in the second phase, the local identity and the
group identity, which are indicated by synchronization
signals SS in received radio signals, are identified. As a
result, the user device UE recognizes the physical cell
identity PCI of the base station (eNB or PhNB) that trans-
mits the synchronization signals SS.
[0032] In the first phase, because the user device UE
does not know where in a received radio signal a syn-
chronization signal SS is located, the user device UE
calculates correlations over the entirety of the received
radio signal. In the second phase, because the user de-
vice UE can, based on the transmission timing detected
in the first phase, recognize the location of a synchroni-
zation signal SS (and therefore the location of an SSS)
in a received radio signal, the user device UE calculates

correlations only for the part that corresponds to the SSS
in the received radio signal. The processing load for cal-
culations in the first phase is therefore much greater than
that in the second phase.

1(3)-2. Small Base Station Cell Searching Using Trans-
mission Timing at Macro Base Station

[0033] With reference to FIGs. 6 and 7, identifying
processing to identify the physical cell identity PCI of the
small base station PhNB according to the present em-
bodiment is described. FIG. 6 is an operation flow show-
ing an example of the identifying processing to identify a
physical cell identity PCI. FIG. 7 is a diagram showing
an example of radio signal transmission performed by
the macro base station eNB and the small base station
PhNB that are synchronized with each other.
[0034] The macro base station eNB and the small base
station PhNB of the first embodiment are, as stated
above, synchronized with each other. That is, as shown
in FIG. 7, there is no difference between a transmission
timing at which the macro base station eNB transmits a
synchronization signal SS and a transmission timing at
which the small base station PhNB transmits a synchro-
nization signal SS (or, the difference between the trans-
mission timings is much smaller compared with the du-
ration of a radio signal unit (resource element, etc.)).
[0035] The macro base station eNB periodically trans-
mits a synchronization signal SS that indicates the phys-
ical cell identity PCI identifying the macro base station
eNB at a transmission timing, such as the timings shown
in FIGs. 3 and 7 (S10). The user device UE, based on
synchronization signals SS received from the macro
base station eNB, performs cell detection (processing to
identify a physical cell identity PCI that indicates the mac-
ro base station eNB) and synchronization establishment
with the macro base station eNB (S20). More specifically,
as stated above, the user device UE detects the trans-
mission timing of PSS’s and the local identity based on
a PSS included in a synchronization signal SS from the
macro base station eNB (the first phase). The user device
UE, based on an SSS included in a synchronization sig-
nal SS from the macro base station eNB, then detects
the transmission timing of SSS’s and the group identity
so as to identify the transmission timing of synchroniza-
tion signals SS and the physical cell identity PCI. The
user device UE then establishes a radio connection with
the macro base station eNB (S30).
[0036] The macro base station eNB notifies the user
device UE of synchronization state information related
to a synchronization state between the macro base sta-
tion eNB and the small base station PhNB, which is lo-
cated nearby, and of frequency information related to an
identification signal frequency that the small base station
PhNB uses to transmit synchronization signals SS (S40).
In the first embodiment, because the macro base station
eNB and the small base station PhNB are synchronized,
the synchronization state information indicates that "the

9 10 



EP 2 945 428 B1

7

5

10

15

20

25

30

35

40

45

50

55

macro base station eNB and the small base station PhNB
are synchronized". The user device UE stores the re-
ceived synchronization state information and the re-
ceived frequency information.
[0037] The small base station PhNB periodically trans-
mits a synchronization signal SS that indicates the phys-
ical cell identity PCI identifying the small base station
PhNB at a transmission timing, such as the timing shown
in FIG. 7 (S50). The user device UE, based on synchro-
nization signals SS received from the small base station
PhNB, performs cell detection (processing to identify a
physical cell identity PCI that indicates the small base
station PhNB) (S60). The cell detection described imme-
diately above is performed using the synchronization
state information and the frequency information notified
at step S40. More specifically, when the synchronization
state information indicates that "the macro base station
eNB and the small base station PhNB are synchronized",
the user device UE, without performing timing-search
processing for the small base station PhNB, performs,
based on the transmission timing of synchronization sig-
nals SS transmitted by the macro base station eNB, de-
tection processing to detect the local identity and the
group identity, on the identification signal frequency that
is indicated by the frequency information and is used by
the small base station PhNB. The user device UE then
establishes a radio connection with the small base station
PhNB (S70).
[0038] In the cell detection at step S60, the user device
UE does not need to search for the location (transmission
timing) of a synchronization signal SS included in a radio
signal from the small base station PhNB. That is, the user
device UE can omit the first phase of cell searching. This
is enabled by the fact that the user device UE can regard
the transmission timing of synchronization signals SS at
the macro base station eNB obtained at step S20 as the
transmission timing of synchronization signals SS at the
small base station PhNB to perform cell detection (cal-
culate correlations with the replica signals) because the
macro base station eNB and the small base station PhNB
are synchronized, as stated above, and the macro base
station eNB and the small base station PhNB use a com-
mon transmission timing to transmit synchronization sig-
nals SS.

1 (4). Configuration of Each Element

1(4)-1. Configuration of User Device

[0039] FIG. 8 is a block diagram showing a configura-
tion of the user device UE according to the first embod-
iment. The user device UE includes a radio communica-
tion unit 110, a storage unit 120, and a controller 130. In
the figure, the illustrations of an output device for output-
ting audio, images, etc., and an input device for accepting
instructions from a user are omitted for brevity. The radio
communication unit 110 is an element for performing ra-
dio communication with the macro base station eNB and

with the small base station PhNB. The radio communi-
cation unit 110 includes transceiving antennas, a receiv-
ing circuit for receiving radio signals (radio waves) and
converting them to electrical signals, and a transmitting
circuit for converting electrical signals, such as control
signals and user signals, to radio signals (radio waves)
and transmitting them. The storage unit 120 stores infor-
mation related to communication control, in particular,
the transmission timing of synchronization signals SS at
a base station (e.g., eNB, PhNB) with which the user
device UE has established synchronization, the synchro-
nization state information, and the frequency information.
The controller 130 exchanges user signals and control
signals and includes a cell searcher 132. The cell search-
er 132 performs the above-described types of cell
searching; that is, the regular two-phased cell searching
(FIG. 5) and cell searching for the small base station
PhNB using the transmission timing at the macro base
station eNB (FIG. 6, etc.). The controller 130 and the
elements included in the controller 130 are functional
blocks accomplished by the fact that a CPU (central
processing unit; not shown in the figure), provided in the
user device UE, executes a computer program stored in
the storage unit 120 and operates in accordance with the
computer program.

1(4)-2. Configuration of Macro Base Station

[0040] FIG. 9 is a block diagram showing a configura-
tion of the macro base station eNB according to the first
embodiment. The macro base station eNB includes a
radio communication unit 210, a network communication
unit 220, a storage unit 230, and a controller 240. The
radio communication unit 210 is an element for perform-
ing radio communication with the user device UE, and
has a configuration similar to that of the radio communi-
cation unit 110 of the user device UE. The network com-
munication unit 220 is an element for performing com-
munication with other nodes (the small base station
PhNB, the switching center, etc.) in the network NW, and
exchanges signals with the other nodes. The storage unit
230 stores information related to communication control.
The controller 240 exchanges user signals and control
signals and includes a transmitting unit 242 and an infor-
mation notifying unit 244. The transmitting unit 242 trans-
mits synchronization signals SS that indicate the physical
cell identity PCI identifying the macro base station eNB,
through the radio communication unit 210. The informa-
tion notifying unit 244 notifies the user device of the syn-
chronization state information and the frequency infor-
mation through the radio communication unit 210. The
controller 240 and the elements in the controller 240 are
functional blocks accomplished by the fact that a CPU
(not shown in the figure), provided in the macro base
station eNB, executes a computer program stored in the
storage unit 230 and operates in accordance with the
computer program.
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1(4)-3. Configuration of Small Base Station

[0041] FIG. 10 is a block diagram showing a configu-
ration of the small base station PhNB according to the
first embodiment. The small base station PhNB includes
a radio communication unit 310, a network communica-
tion unit 320, a storage unit 330, and a controller 340.
The radio communication unit 310 is an element for per-
forming radio communication with the user device UE
and has a configuration similar to that of the radio com-
munication unit 210 of the macro base station eNB. The
network communication unit 320 is an element for per-
forming communication with other nodes (the macro
base station eNB, etc.) in the network NW, and exchang-
es signals with the other nodes. The storage unit 330
stores information related to communication control. The
controller 340 exchanges user signals and control signals
and includes a transmitting unit 342. The transmitting unit
342 transmits synchronization signals SS that indicate
the physical cell identity PCI identifying the small base
station PhNB, through the radio communication unit 310.
The controller 340 and the elements in the controller 340
are functional blocks accomplished by the fact that a CPU
(not shown in the figure), provided in the small base sta-
tion PhNB, executes a computer program stored in the
storage unit 330 and operates in accordance with the
computer program.

1(5). Effect of Present Embodiment

[0042] According to the configuration of the present
embodiment, the user device UE can, even without per-
forming timing-search processing for the small base sta-
tion PhNB, perform identifying processing to identify the
physical cell identity PCI indicated by synchronization
signals SS transmitted by the small base station PhNB,
based on the transmission timing of synchronization sig-
nals SS at the macro base station eNB. As a result, be-
cause timing-search processing for the small base sta-
tion PhNB is omitted, a processing load on the user de-
vice UE to recognize the small base station PhNB is re-
duced.

2. Second Embodiment

[0043] Description is next given of a second embodi-
ment of the present invention. Regarding those elements
for which actions and functions in each of the following
embodiments are substantially the same as those in the
first embodiment, reference numerals used in the above
description are used, and descriptions of such elements
are omitted, as appropriate.
[0044] In the first embodiment, the macro base station
eNB and the small base station PhNB are synchronized
with each other and transmit synchronization signals SS
at the same time. In the second embodiment, as shown
in FIG. 11, the small base station PhNB (the transmitting
unit 342) transmits a synchronization signal SS at a trans-

mission timing that is delayed from the transmission tim-
ing of synchronization signals SS at the macro base sta-
tion eNB by the length of time that corresponds to a trans-
mission offset value OV.
[0045] With reference to FIG. 12, identifying process-
ing to identify the physical cell identity PCI of the small
base station PhNB according to the present embodiment
is described. Because cell detection and synchronization
establishment that the user device UE performs for the
macro base station eNB (steps S12 to S32) are similar
to steps S10 to S30 in the first embodiment, descriptions
thereof are omitted.
[0046] The macro base station eNB notifies the user
device UE of the synchronization state information relat-
ed to a synchronization state between the macro base
station eNB and the small base station PhNB, which is
located nearby, and of frequency information related to
an identification signal frequency that the small base sta-
tion PhNB uses to transmit synchronization signals SS
(S42). In the second embodiment, because there is a
time difference that corresponds to the transmission off-
set value OV between the transmission timing at the mac-
ro base station eNB and that at the small base station
PhNB, the synchronization state information indicates
the transmission offset value OV for the transmission tim-
ing at the macro base station eNB. The user device UE
stores the received synchronization state information
and the received frequency information.
[0047] The small base station PhNB periodically trans-
mits a synchronization signal SS that indicates the phys-
ical cell identity PCI identifying the small base station
PhNB at a transmission timing, such as the timing shown
in FIG. 11 (S52). The user device UE, based on synchro-
nization signals SS received from the small base station
PhNB, performs cell detection (processing to identify the
physical cell identity PCI that indicates the small base
station PhNB) (S62). The cell detection described imme-
diately above is performed using the synchronization
state information (the transmission offset value OV) and
the frequency information notified at step S42. More spe-
cifically, the user device UE, without performing timing-
search processing for the small base station PhNB, per-
forms detection processing, on the identification signal
frequency that is indicated by the frequency information
and is used by the small base station PhNB, to detect
the local identity and the group identity based on the
transmission timing of synchronization signals SS trans-
mitted by the macro base station eNB and the transmis-
sion offset value OV. The user device UE then establish-
es a radio connection with the small base station PhNB
(S72).
[0048] In the cell detection at step S62, the user device
UE does not need to search for the location (transmission
timing) of a synchronization signal SS included in a radio
signal from the small base station PhNB. That is, the user
device UE can omit the first phase of cell searching. This
is enabled, as described above, by the fact that the user
device UE can obtain the transmission timing of synchro-
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nization signals SS at the small base station PhNB by
adding the transmission offset value OV to the transmis-
sion timing of synchronization signals SS at the macro
base station eNB obtained at step S22, because there
is a time difference that corresponds to the transmission
offset value OV between the transmission timing at the
macro base station eNB and that at the small base station
PhNB.
[0049] The above configuration achieves technical ef-
fects similar to those of the first embodiment.

3. Third Embodiment

[0050] Description is next given of a third embodiment
of the present invention. In the first embodiment, the mac-
ro base station eNB and the small base station PhNB are
interconnected by an interface (optical fiber, etc.) that
can transmit clock signals and are synchronized with
each other. In the third embodiment, the small base sta-
tion PhNB receives synchronization signals SS from the
macro base station eNB to synchronize with the macro
base station eNB.
[0051] FIG. 13 is a block diagram showing a radio com-
munication system CS according to the third embodi-
ment. The small base station PhNB receives synchroni-
zation signals SS from the macro base station eNB to
detect the transmission timing so as to synchronize with
the macro base station eNB. In the third embodiment,
unlike in the first embodiment, a synchronization timing
is delayed by the length of time required for radio signals
transmitted by the macro base station eNB to reach the
small base station PhNB and to be processed. The small
base station PhNB of the third embodiment, therefore,
advances the transmission timing of its synchronization
signals SS according to the distance from the macro base
station eNB.
[0052] FIG. 14 is a block diagram showing a configu-
ration of the small base station PhNB according to the
third embodiment. The controller 340 of the small base
station PhNB further includes a synchronization detect-
ing unit 344, a received power measuring unit 346, and
an offset value setter 348. The synchronization detecting
unit 344, similarly to the cell searcher 132 of the user
device UE in the embodiments described above, detects
the transmission timing of synchronization signals SS
transmitted by the macro base station eNB and provides
it to the transmitting unit 342. The received power meas-
uring unit 346 measures received power of radio signals
(reference signals) received through the radio commu-
nication unit 310 from the macro base station eNB. The
offset value setter 348 sets a transmission offset value
OV so that the smaller the received power measured by
the received power measuring unit 346 is, the larger the
transmission offset value OV is. The offset value setter
then provides the transmission offset value OV to the
transmitting unit 342. The transmitting unit 342 transmits
a synchronization signal SS of the small base station
PhNB at a transmission timing that is advanced from the

transmission timing at the macro base station eNB, the
transmission timing at the macro base station eNB being
provided from the synchronization detecting unit 344, by
the length of time that corresponds to the transmission
offset value OV provided from the offset value setter 348.
[0053] As will be understood from the above descrip-
tion, the smaller the received power of radio signals from
the macro base station eNB, the earlier (the more ad-
vanced) transmission timing the small base station PhNB
of the third embodiment uses to transmit radio signals
(synchronization signals SS). Because radio signals at-
tenuate as they travel through space, that the received
power of radio signals received at the small base station
PhNB from the macro base station eNB is small indicates
that the distance from the macro base station eNB to the
small base station PhNB is large. The small base station
PhNB as described above, therefore, corrects (advanc-
es) its transmission timing according to the distance from
the macro base station eNB. As a result, a difference
between the transmission timing at the macro base sta-
tion eNB and the transmission timing at the small base
station PhNB is reduced.

4. Fourth Embodiment

[0054] Description is next given of a fourth embodiment
of the present invention. In the first embodiment, the
transmission timing at which the macro base station eNB
transmits a synchronization signal SS and the transmis-
sion timing at which the small base station PhNB trans-
mits a synchronization signal SS are synchronized with
each other (FIG. 7). Because the 168 types of SSS’s are
not orthogonal to one another, when multiple SSS’s are
transmitted at the same transmission timing, they inter-
fere with one another. When the user device UE performs
cell searching for the small base station PhNB using the
transmission timing at the macro base station eNB as
described in the first embodiment (FIG. 6), the user de-
vice UE may not, depending on radio environment, etc.,
be able to identify the group identity (and therefore the
physical cell identity PCI) with sufficient accuracy.
[0055] In light of the situation above, a small base sta-
tion PhNB (transmitting unit 342) of the fourth embodi-
ment transmits a cell-specific signal that includes a signal
(identification signal) that indicates the physical cell iden-
tity PCI corresponding to the small base station PhNB.
A cell-specific signal is a signal that is different from a
synchronization signal SS; for example, a reference sig-
nal other than a synchronization signal SS. Examples of
a reference signal include a CRS (Cell Specific Refer-
ence Signal), a CSI-RS (CSI Reference Signal), a PRS
(Positioning Reference Signal), an MBSFN-RS (MBSFN
Reference Signal), etc. Details of the above-mentioned
reference signals are described in, for example, 3GPP
TS 36.211 V10.1.0 (2011-03), Chapter 6.10, Reference
signals. The CRS, for example, has six patterns of fre-
quency shift, and therefore interference due to collision
is reduced compared with the SSS. Furthermore, be-
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cause the CRS has its symbols scattered over the entire
system bandwidth, a higher correlation energy can be
obtained when correlations are calculated, compared
with the SSS. A freely chosen type of signal that indicates
the physical cell identity PCI corresponding to the small
base station PhNB may be used as a cell-specific signal.
[0056] In performing cell detection (step S60 in FIG.
6), the user device UE (cell searcher 132) identifies the
physical cell identity PCI of the small base station PhNB
indicated by the identification signal included in a cell-
specific signal. A location (transmission timing) of a cell-
specific signal is determined relative to a location (trans-
mission timing) of a synchronization signal SS of the
small base station PhNB. As stated above, the macro
base station eNB and the small base station PhNB are
synchronized and have a common transmission timing
of synchronization signals SS. The user device UE (cell
searcher 132) can therefore regard the transmission tim-
ing of synchronization signals SS at the macro base sta-
tion eNB obtained at step S20 as the transmission timing
of synchronization signals SS at the small base station
PhNB, and can perform cell detection on a cell-specific
signal such as described above. The user device UE (cell
searcher 132) may perform cell detection on a combina-
tion of a synchronization signal SS and a cell-specific
signal, or on a combination of multiple types of cell-spe-
cific signals.
[0057] According to the configuration of the present
embodiment, because the user device UE can perform
cell detection for the small base station PhNB using a
cell-specific signal that is different from a synchronization
signal SS, the user device UE can identify the group iden-
tity (physical cell identity PCI) with higher accuracy com-
pared with a configuration in which the group identity
(physical cell identity PCI) is identified using only SSS’s
which interfere with one another.

5. Fifth Embodiment

[0058] Description is next given of a fifth embodiment
of the present invention. The fifth embodiment relates to
details of cell searching for the small base station PhNB
using a reference signal (CSI-RS). The macro base sta-
tion eNB (information notifying unit 244) of the fifth em-
bodiment transmits to the user device UE, in addition to
the synchronization state information and the frequency
information, information related to a configuration of a
CSI-RS that the small base station PhNB transmits (ref-
erence signal configuration information; CSI-RS Config-
uration) and a CP length (cyclic prefix length) in radio
communication performed by the small base station
PHNB.
[0059] A CSI-RS is a reference signal sequence that
is generated using various parameters that include a
physical cell identity PCI. A radio resource (time and fre-
quency) used to transmit a CSI-RS is not fixed and is
determined independent of a physical cell identity PCI
(refer to 3GPP TS 36.211 V10.1.0 (2011-03), Chapter

6.10.1, Cell-specific reference signals). The reference
signal configuration information indicates a radio re-
source that is used to transmit a CSI-RS.
[0060] A CP length is a time length of a cyclic prefix.
A cyclic prefix is a guard interval that is inserted before
a valid symbol to avoid effects by a delayed wave in
OFDM radio communication. A CP length is either "nor-
mal" or "extended". A location of the SSS on a radio frame
F (location relative to the PSS) is determined according
to the CP length (not shown in FIGs. 3 and 7).
[0061] With reference to FIG. 6 again, cell searching
for the small base station PhNB according to the present
embodiment is described. Because establishment of a
radio connection between the user device UE and the
macro base station eNB (steps S10 to S30) is similar to
that in the embodiments described above, descriptions
thereof are omitted. The macro base station eNB (infor-
mation notifying unit 244) notifies the user device UE, as
described above, of synchronization state information,
frequency information, reference signal configuration in-
formation, and CP length information (S40). The frequen-
cy information of the present embodiment indicates, as
identification signal frequencies, a frequency that is used
to transmit synchronization signals SS and a frequency
that is used to transmit CSI-RS’s.
[0062] The small base station PhNB periodically trans-
mits a synchronization signal SS that indicates the phys-
ical cell identity PCI identifying the small base station
PhNB and a CSI-RS such as described above
(S50). The user device UE, based on synchronization
signals SS and CSI-RS’s received from the small base
station PhNB, performs cell detection (S60). The cell de-
tection mentioned immediately above is performed using
the synchronization state information, the frequency in-
formation, the reference signal configuration information,
and the CP length information. More specifically, when
the synchronization state information indicates that "the
macro base station eNB and the small base station PhNB
are synchronized", the user device UE, without perform-
ing timing-search processing for the small base station
PhNB, based on the transmission timing of synchroniza-
tion signals SS transmitted by the macro base station
eNB and the reference signal configuration information,
performs detection processing, on the identification sig-
nal frequency that is indicated by the frequency informa-
tion and is used by the small base station PhNB, to detect
the local identity, the group identity, and a CSI-RS. The
user device UE then establishes a radio connection with
the small base station PhNB (S70). The operations de-
scribed above can be used in the configuration of the
second embodiment, in which the transmission timing at
the small base station PhNB is offset. The above config-
uration can be used with a freely chosen type of signal
that can be used to identify a cell (another reference sig-
nal, a signal for discovering a small cell (discovery signal),
etc.).
[0063] Because the user device UE is notified of the
reference signal configuration information by the macro
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base station eNB, the user device UE knows a radio re-
source that is used to transmit a CSI-RS. In the cell de-
tection at step S60, therefore, the user device UE can
perform detection processing to detect the CSI-RS (can
calculate correlations between the CSI-RS transmitted
by the small base station PhNB and replica signals stored
in the user device UE). Because the user device UE is
notified of the CP length information by the macro base
station eNB, the user device UE knows a location of an
SSS on a radio frame F (a location relative to a PSS). In
the cell detection at step S60, therefore, the user device
UE does not need to identify whether the location (trans-
mission timing) of the SSS corresponds to the "normal"
CP length or to the "extended" CP length.
[0064] The above configuration achieves technical ef-
fects similar to those of the first embodiment. Further-
more, because the user device UE performs cell detec-
tion for the small base station PhNB using a reference
signal (CSI-RS), the user device UE can identify a cell
with higher accuracy compared with a configuration in
which cell detection is performed using only SSS’s which
interfere with one another. Even when the small base
station PhNB has multiple transmission points and each
of them is identified by a reference signal (CSI-RS), not
only the small base station PhNB, but also each trans-
mission point, can be identified according to the above
configuration.

6. Sixth Embodiment

[0065] Description is next given of a sixth embodiment
of the present invention. Synchronization between the
macro base station eNB and the small base station PhNB
may not always be accurate. A situation can be assumed
in which the accuracy of synchronization between the
macro base station eNB and the small base station PhNB
is low. In such a case, even when the synchronization
state information indicates that "the macro base station
eNB and the small base station PhNB are synchronized"
as in the first embodiment, in reality the transmission tim-
ing at which the macro base station eNB transmits a syn-
chronization signal SS and the transmission timing at
which the small base station PhNB transmits a synchro-
nization signal SS may be out of synchronization.
[0066] In light of the situation above, the user device
UE (cell searcher 132), instead of performing the first
phase of cell searching (timing-search processing) for
the small base station PhNB, performs detection
processing (tracking processing) that is based on the
transmission timing of synchronization signals SS trans-
mitted by the macro base station eNB. More specifically,
in the cell detection for the small base station PhNB (step
S60 in FIG. 6), when the synchronization state informa-
tion indicates that "the macro base station eNB and the
small base station PhNB are synchronized", the user de-
vice UE performs timing-search processing over a pre-
determined period (that is, over a limited time period) that
includes the transmission timing of synchronization sig-

nals SS transmitted by the macro base station eNB (e.g.,
5 microseconds centering on the transmission timing at
the macro base station eNB) so as to identify the trans-
mission timing at the small base station PhNB, and then
performs the cell detection described above.
[0067] The above-described situation can also arise in
the second embodiment, in which the transmission timing
at the small base station PhNB is offset. That is, when
the accuracy of synchronization between the macro base
station eNB and the small base station PhNB is low, a
transmission timing that is delayed from the transmission
timing at the macro base station eNB by the length of
time that corresponds to the transmission offset value
OV indicated by the synchronization state information
(the calculated transmission timing at the small base sta-
tion PhNB), and the actual transmission timing of syn-
chronization signals SS transmitted by the small base
station PhNB, may be out of synchronization.
[0068] The user device UE, therefore, in the cell de-
tection for the small base station PhNB (step S62 in FIG.
12), performs timing-search processing over a predeter-
mined period (that is, over a limited time period) that in-
cludes the transmission timing that is delayed from the
transmission timing of synchronization signals SS trans-
mitted by the macro base station eNB by the length of
time corresponding to the transmission offset value OV
(that is, the calculated transmission timing at the small
base station PhNB) (e.g., performs timing-search
processing over 5 microseconds centering on the calcu-
lated transmission timing at the small base station PhNB)
so as to identify the transmission timing at the small base
station PhNB, and then performs the cell detection de-
scribed above.
[0069] The above configuration achieves technical ef-
fects similar to those of the embodiments described
above even when the accuracy of synchronization be-
tween the macro base station eNB and the small base
station PhNB is low.

7. Seventh Embodiment

[0070] Description is next given of a seventh embodi-
ment of the present invention. In the seventh embodi-
ment, as shown in FIG. 15, a situation is assumed in
which there are multiple small base stations PhNB under
a macro base station eNB. These small base stations
PhNB are synchronized with the macro base station eNB
to which the small base stations PhNB are connected.
[0071] As shown in FIG. 16, the small base stations
PhNB transmit common reference signals (e.g., CSI-RS)
at the same transmission timing. These reference signals
are synchronization reference signals for the user device
UE to establish synchronization with the small base sta-
tions PhNB. Additionally, as shown in FIG. 16, the small
base stations PhNB transmit reference signals (e.g., CSI-
RS) that are different in transmission timing or in se-
quence. These reference signals are identification refer-
ence signals for the user device UE to identify each of
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the small base stations PhNB.
[0072] Taking into consideration that the macro base
station eNB and the small base stations PhNB are syn-
chronized, it may be the macro base station eNB alone
that transmits the synchronization reference signals. In
this case, each of the small base stations PhNB transmits
at least identification reference signals that identify itself.
[0073] According to the above configuration, by the use
of common synchronization reference signals, the user
device UE can detect synchronization with the small base
stations PhNB simultaneously. Furthermore, because
the small base stations PhNB transmit different identifi-
cation reference signals, the user device UE can identify
each of the small base stations PhNB.

8. Eighth Embodiment

[0074] Description is next given of an eighth embodi-
ment of the present invention. In the eighth embodiment,
as shown in FIG. 17, a user device UE performs radio
communication directly with another user device UE in
the radio communication system CS. FIG. 18 is a block
diagram showing a configuration of the user device UE
according to the eighth embodiment. The controller 130
of the user device UE further includes a terminal trans-
mitting unit 134 that transmits a terminal discovery signal
that indicates a terminal identifier that identifies the user
device.
[0075] FIG. 19 is a diagram showing terminal discovery
signals transmitted by multiple user devices UE. A user
device UE (terminal transmitting unit 134) transmits a
terminal discovery signal using a resource block RB that
is allocated to the user device UE. In FIG. 19, different
hatching patterns on resource blocks RB correspond to
different user devices UE. In the eighth embodiment, a
terminal discovery signal is an uplink signal that is trans-
mitted using SC-FDMA. Because signals from a user de-
vice UE are transmitted using a single-carrier, a peak-to-
average power ratio (PAPR) can be lowered.
[0076] FIG. 20 is a diagram showing identification sig-
nals that small base stations PhNB transmit. A small base
station PhNB (transmitting unit 342), using multiple re-
source blocks RB, transmits identification signals that
have a common signal format with terminal discovery
signals transmitted by a user device UE. Having "a com-
mon signal format" indicates that identification signals
and terminal discovery signals have common character-
istics such as signal length, the number of signal se-
quences that can be chosen, and modulation-demodu-
lation method for signal exchange.
[0077] In FIG. 20, hatching patterns on resource blocks
RB vary for different transmission-source small base sta-
tions PhNB. As will be understood from FIG. 20, multiple
resource blocks RB can be transmitted on a single time
axis or on a single frequency axis. According to the above
configuration, by the use of multiple resource blocks RB,
a time-domain or frequency-domain diversity effect can
be obtained.

[0078] In the eighth embodiment, identification signals
that small base stations PhNB transmit are preferably
transmitted using SC-FDMA. Additionally, the identifica-
tion signals are preferably transmitted using a frequency
band that can be used by user devices UE to receive
signals. When a small base station PhNB uses different
frequencies for uplink and downlink communication (i.e.,
FDD is used), therefore, the small base station PhNB
may transmit identification signals by SC-FDMA using a
downlink frequency. In the case in which multiple re-
source blocks RB are transmitted on a single frequency
axis, multiple single-carriers may be used to transmit
identification signals. When a small base station PhNB
uses a common frequency for uplink and downlink com-
munication (i.e., TDD is used), the small base station
PhNB may transmit identification signals using the com-
mon frequency.
[0079] Identification signals may be transmitted using
a dedicated radio resource. Transmission of signals other
than identification signals is preferably stopped for a ded-
icated radio resource.
[0080] According to the configuration above, terminal
discovery signals used to detect a user device UE and
identification signals used to detect a small base station
PhNB have a common signal format. The user device
UE can, therefore, perform detection of a small base sta-
tion PhNB and perform detection of another user device
UE, using a single mechanism.

9. Ninth Embodiment

[0081] Description is next given of a ninth embodiment
of the present invention. In the fifth embodiment, cell de-
tection for a small base station PhNB is performed using
a reference signal (CSI-RS). In the ninth embodiment,
cell detection for a small base station PhNB is performed
based on a hopping pattern (identification signal pattern)
formed by multiple CSI-RS’s.
[0082] A small base station PhNB (transmitting unit
342) of the ninth embodiment transmits CSI-RS’s accord-
ing to a hopping pattern that is unique to the small base
station PhNB. A hopping pattern indicates a configuration
of CSI-RS’s in each of multiple subframes SF. The user
device UE can identify the small base station PhNB
based on the configuration (hopping pattern) of CSI-RS’s
over subframes SF.
[0083] FIG. 21 is a diagram showing a configuration of
CSI-RS’s in a resource block RB. A resource block RB
includes resource elements RE. From among resource
elements RE that are assigned with numbers ranging
from 0 to 19 (RE#0 to RE#19) in FIG. 21, CSI-RS’s are
transmitted using resource elements RE corresponding
to at least one of the numbers. There may be resource
blocks RB that are not used to transmit CSI-RS’s.
[0084] FIG. 22 is a diagram showing an example of a
hopping pattern. The small base station PhNB, as shown
in the figure, transmits CSI-RS’s in the order (hopping
pattern) of RE#5, RE#9, RE#6, RE#3, and RE#8. The
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user device UE has been notified by the macro base sta-
tion eNB of hopping patterns that small base stations
PhNB use. The user device UE can therefore identify
each of the small base stations PhNB by detecting the
hopping patterns.
[0085] A cycle of a hopping pattern may be equal to a
conventional cycle of CSI-RS’s (e.g., 80 ms), or may be
different; for example, a cycle may be set to be equal to
the integral multiple of a conventional cycle of CSI-RS’s.
[0086] In the ninth embodiment, similarly to the sev-
enth embodiment, small base stations PhNB may trans-
mit common CSI-RS’s for a synchronization purpose,
and each of the small base stations PhNB may transmit
different CSI-RS’s for an identification purpose.
[0087] According to the configuration above, a greater
number of small base stations PhNB can be installed
because more identification patterns are provided, com-
pared with a configuration in which small base stations
PhNB are identified based only on resource elements
RE that are used to transmit CSI-RS’s.

10. Modifications

[0088] The above-illustrated embodiments can be
modified in various ways. Specific modifications are il-
lustrated below. Two or more of the freely selected ones
of the above embodiments and the following illustrations
can be combined, as appropriate, so long as the modifi-
cations are not adopted in such a way that they conflict.

10(1). Modification 1

[0089] Although the radio communication system CS
(the network NW) in the above embodiments is a heter-
ogeneous network that includes a macro base station
eNB and a small base station PhNB, a homogeneous
network that includes base stations of a single type (e.g.,
macro base station eNB) alone may be adopted. In this
case, the number of frequency band used may be one.

10(2). Modification 2

[0090] In the above embodiments, a macro base sta-
tion eNB and a small base station PhNB are synchronized
through an interface, such as optical fiber etc., that can
transmit clock signals, or through a radio interface. A
method can be chosen freely, however, for a macro base
station eNB and a small base station PhNB to establish
synchronization. For example, a macro base station eNB
and a small base station PhNB may establish synchro-
nization based on time indicated by radio waves trans-
mitted by a GPS satellite (GPS signals).

10(3). Modification 3

[0091] The macro base station eNB (information noti-
fying unit 244) may notify the user device UE of an identity
list that indicates physical cell identities PCI of small base

stations PhNB that are located around the macro base
station eNB, by adding the identity list to the synchroni-
zation state information (step S40 and step S42). The
user device UE (cell searcher 132) may perform cell de-
tection (calculate correlations with replica signals) with
respect to the small base stations PhNB corresponding
to the physical cell identities PCI indicated by the notified
identity list (step S60 and step S62). In this case, because
the number of physical cell identities PCI for which the
user device UE is to perform cell detection is limited, a
processing load on the user device UE is even further
reduced.

10(4). Modification 4

[0092] In the embodiments above, a small base station
PhNB is identified using a physical cell identity PCI. An
identifier to identify a small base station PhNB, however,
may be freely chosen. An identifier may be used that is
dedicated to identify a small base station PhNB and is
different from a physical cell identity PCI.

10 (5). Modification 5

[0093] There can be multiple small base stations PhNB
under a macro base station eNB. When there are multiple
small base stations PhNB, these small base stations
PhNB may synchronize with one another to transmit syn-
chronization signals SS, or may transmit synchronization
signals SS based on different transmission offset values
OV. When the small base stations PhNB transmit syn-
chronization signals SS based on different transmission
offset values OV, the macro base station eNB (informa-
tion notifying unit 244) notifies the user device UE of each
of the transmission offset values OV as the synchroniza-
tion state information.

10(6). Modification 6

[0094] For a single small base station PhNB or trans-
mission point, a single piece of reference signal config-
uration information (CSI-RS Configuration) may be set,
or multiple pieces of reference signal configuration infor-
mation may be set. When multiple pieces of reference
signal configuration information are set for a single small
base station PhNB or transmission point, a cell can be
identified with higher accuracy compared with a situation
in which a single piece of reference signal configuration
information is set.

10(7). Modification 7

[0095] In the sixth embodiment, the user device UE
performs cell searching (timing-search processing) using
synchronization signals SS. Alternatively, the user de-
vice UE can perform cell searching (timing-search
processing) using freely chosen signals that are trans-
mitted periodically. For example, the reference signals
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that are described in the fourth embodiment (CRS, CSI-
RS, PRS, MBSFN-RS, etc.) can be used for cell search-
ing. Cell searching may be performed using a combina-
tion of synchronization signals SS and at least one type
of the reference signals mentioned above or using a com-
bination of multiple types of reference signals.

10(8). Modification 8

[0096] With respect to the ninth embodiment, as shown
in FIG. 23, a hopping pattern may be used in which re-
source blocks RB that are used to transmit CSI-RS’s, as
well as resource elements RE in a subframe SF, hop.
According to the configuration above, a greater number
of small base stations PhNB can be installed because
more hopping patterns are provided.

10(9). Modification 9

[0097] In the ninth embodiment, as shown in FIG. 24,
there may coexist a new-version user device UEN and
an old-version user device UEO, the new-version user
device UEN identifying a small base station PhNB using
a hopping pattern of CSI-RS’s ("FOR UEN" in FIG. 24),
the old-version user device UEO identifying a small base
station PhNB based only on resource elements RE that
are used to transmit CSI-RS’s ("FOR UEO" in FIG. 24).

10(10). Modification 10

[0098] The user device UE is a freely chosen device
that can perform radio communication with the macro
base station eNB and the small base station PhNB. The
user device UE may be a cell phone terminal, e.g., a
feature phone or a smart phone, a desktop type personal
computer, a laptop personal computer, a UMPC (ultra-
mobile personal computer), a portable game machine,
or another type of radio terminal.

10(11). Modification 11

[0099] In each of the elements in the radio communi-
cation system CS (the user device UE, the macro base
station eNB, and the small base station PhNB), functions
executed by the CPU may instead be executed by hard-
ware or by a programmable logic device, such as an FP-
GA (Field Programmable Gate Array) and a DSP (Digital
Signal Processor).

Description of Reference Signs

[0100]

UE: User Device
110: Radio Communication Unit
120: Storage Unit
130: Controller
132: Cell Searcher

eNB: Macro Base Station
210: Radio Communication Unit
220: Network Communication Unit
230: Storage Unit
240: Controller
242: Transmitting Unit
244: Information Notifying Unit
PhNB: Small Base Station
310: Radio Communication Unit
320: Network Communication Unit
330: Storage Unit
340: Controller
342: Transmitting Unit
344: Synchronization Detecting Unit
346: Received Power Measuring Unit
348: Offset Value Setter
C: Cell
C1: Macro Cell
C2: Small Cell
CS: Radio Communication System
F: Radio Frame
NW: Network
OV: Transmission Offset Value
PCI: Physical Cell Identity
SF: Subframe
SS: Synchronization Signal

Claims

1. A radio communication system (CS) comprising:

base stations that include a first base station
(eNB) and a second base station (PhNB), the
first base station performing radio communica-
tion using a first frequency band and covering a
first cell (C1) that is identified by a first cell iden-
tity, the second base station performing radio
communication using a second frequency band
and covering a second cell (C2) that is identified
by a second cell identity; and
a user device (UE) configured to perform radio
communication with each of the base stations,

wherein the first base station (eNB) includes:

a first transmitting unit (242) configured to trans-
mit, at a first transmission timing, a first synchro-
nization signal that indicates the first cell identity,
which identifies the first cell covered by the first
base station,

wherein the second base station (PhNB) includes:

a second transmitting unit (342) configured to
transmit an identification signal that indicates
the second cell identity, which identifies the sec-
ond cell covered by the second base station,
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wherein the user device (UE) includes:

a cell searcher (132) configured to detect the
first transmission timing based on the first syn-
chronization signal received from the first base
station and perform timing-search processing
that establishes synchronization with the first
base station,

wherein the first base station (eNB) further includes:

an information notifying unit (244) configured to
notify the user device of synchronization state
information related to a synchronization state
between the first base station and the second
base station and of frequency information relat-
ed to an identification signal frequency that the
second base station uses to transmit the identi-
fication signal, the identification signal frequen-
cy being included in the second frequency band,
wherein the synchronization state information
indicates whether the first base station and the
second base station are synchronized or indi-
cates a transmission offset value for the first
transmission timing at the first base station, and
wherein the cell searcher (132) of the user de-
vice, based on the synchronization state infor-
mation from the first base station, is configured
to perform identifying processing on the identi-
fication signal frequency indicated by the fre-
quency information to identify the second cell
identity indicated by the identification signal.

2. The radio communication system according to claim
1,

wherein the first base station and the second
base station are synchronized with each other
to perform radio communication,
wherein the second transmitting unit (342) of the
second base station is configured to transmit a
second synchronization signal at a second
transmission timing,
wherein the synchronization state information,
which is notified by the information notifying unit
(244) of the first base station, indicates whether
the first base station and the second base station
are synchronized, and

wherein when the synchronization state information
indicates that the first base station and the second
base station are synchronized, the cell searcher
(132) of the user device, without performing timing-
search processing for the second base station, is
configured to perform identifying processing, based
on the first transmission timing, to identify the second
cell identity indicated by the identification signal.

3. The radio communication system according to claim
1,

wherein the first base station and the second
base station are synchronized with each other
to perform radio communication,
wherein the second transmitting unit (342) of the
second base station is configured to transmit a
second synchronization signal at a second
transmission timing,
wherein the synchronization state information,
which is notified by the information notifying unit
of the first base station, indicates whether the
first base station and the second base station
are synchronized, and
wherein when the synchronization state infor-
mation indicates that the first base station and
the second base station are synchronized, the
cell searcher (132) of the user device is config-
ured to identify the second transmission timing
by performing timing-search processing for the
second base station over a predetermined pe-
riod that includes the first transmission timing
and perform identifying processing based on the
second transmission timing to identify the sec-
ond cell identity indicated by the identification
signal.

4. The radio communication system according to claim
1,

wherein the second transmitting unit (342) of the
second base station is configured to transmit the
identification signal at a second transmission
timing, the second transmission timing being a
timing that is delayed from the first transmission
timing at the first base station by a length of time
that corresponds to the transmission offset val-
ue,
wherein the synchronization state information,
which is notified by the information notifying unit
of the first base station, indicates the transmis-
sion offset value for the first transmission timing
at the first base station, and
wherein the cell searcher (132) of the user de-
vice, without performing timing-search process-
ing for the second base station, is configured to
perform identifying processing, based on the
first transmission timing and the transmission
offset value indicated by the synchronization
state information, to identify the second cell
identity indicated by the identification signal.

5. The radio communication system according to claim
1,

wherein the second transmitting unit (342) of the
second base station is configured to transmit the
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identification signal at a second transmission
timing, the second transmission timing being a
timing that is delayed from the first transmission
timing at the first base station by a length of time
that corresponds to the transmission offset val-
ue,
wherein the synchronization state information,
which is notified by the information notifying unit
of the first base station, indicates the transmis-
sion offset value for the first transmission timing
at the first base station, and
wherein the cell searcher (132) of the user de-
vice is configured to identify the second trans-
mission timing by performing timing-search
processing for the second base station over a
predetermined period that includes a transmis-
sion timing that is delayed from the first trans-
mission timing by the length of time that corre-
sponds to the transmission offset value indicat-
ed by the synchronization state information and
perform identifying processing based on the
second transmission timing to identify the sec-
ond cell identity indicated by the identification
signal.

6. The radio communication system according to claim
1,

wherein the second base station (PhNB) further
includes:

a received power measuring unit (346) con-
figured to measure received power of radio
signals received from the first base station;
and
an offset value setter (348) configured to set
the transmission offset value so that the
transmission offset value increases as the
received power measured by the received
power measuring unit decreases,

wherein the second transmitting unit (342) of the
second base station is configured to transmit the
identification signal at a second transmission
timing, the second transmission timing being a
timing that is advanced from the first transmis-
sion timing at the first base station by a length
of time that corresponds to the transmission off-
set value,
wherein the synchronization state information,
which is notified by the information notifying unit
of the first base station, indicates whether the
first base station and the second base station
are synchronized, and

wherein when the synchronization state information
indicates that the first base station and the second
base station are synchronized, the cell searcher

(132) of the user device, without performing timing-
search processing for the second base station, is
configured to perform identifying processing based
on the first transmission timing to identify the second
cell identity indicated by the identification signal.

7. The radio communication system according to claim
2,

wherein the synchronization state information
further includes an identity list that indicates sec-
ond cell identities that correspond to second
base stations, and
wherein the cell searcher (132) of the user de-
vice is configured to perform the identifying
processing only for the second base stations,
which correspond to the second cell identities
indicated by the identity list.

8. The radio communication system according to claim
1,

wherein the user device further includes a ter-
minal transmitting unit (134) configured to trans-
mit a terminal discovery signal that indicates a
terminal identifier that identifies the user device,
and
wherein the second transmitting unit (342) of the
second base station is configured to transmit the
identification signal that has a common signal
format with the terminal discovery signal.

9. The radio communication system according to claim
1,

wherein the second transmitting unit (342) of the
second base station is configured to transmit the
identification signal in accordance with an iden-
tification signal pattern, the identification signal
pattern indicating a configuration of the identifi-
cation signal in each of subframes and identify-
ing the second base station.

10. A communication control method in a radio commu-
nication system that comprises:

base stations that include a first base station
(eNB) and a second base station (PhNB), the
first base station performing radio communica-
tion using a first frequency band and covering a
first cell that is identified by a first cell identity,
the second base station performing radio com-
munication using a second frequency band and
covering a second cell that is identified by a sec-
ond cell identity; and
a user device (UE) that performs radio commu-
nication with each of the base stations,
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the communication control method comprising:

in the first base station, transmitting (S10, S12),
at a first transmission timing, a first synchroni-
zation signal that indicates the first cell identity,
which identifies the first cell covered by the first
base station,
in the second base station, transmitting (S50,
S52) an identification signal that corresponds to
the second cell identity, which identifies the sec-
ond cell covered by the second base station,
in the user device, detecting the first transmis-
sion timing based on the first synchronization
signal received from the first base station and
performing (S20, S22) timing-search process-
ing that establishes synchronization with the first
base station,
in the first base station, notifying (S40, S42) the
user device of synchronization state information
related to a synchronization state between the
first base station and the second base station
and of frequency information related to an iden-
tification signal frequency that the second base
station uses to transmit the identification signal,
the identification signal frequency being includ-
ed in the second frequency band, wherein the
synchronization state information indicates
whether the first base station and the second
base station are synchronized or indicates a
transmission offset value for the first transmis-
sion timing at the first base station, and in the
user device, using the synchronization state in-
formation from the first base station, performing
(S60, S62) identifying processing on the identi-
fication signal frequency indicated by the fre-
quency information to identify the second cell
identity included in the identification signal.

Patentansprüche

1. Funkkommunikationssystem (CS), umfassend:

Basisstationen, die eine erste Basisstation
(eNB) und eine zweite Basisstation (PhNB) auf-
weisen, wobei die erste Basisstation Funkkom-
munikation unter Verwendung eines ersten Fre-
quenzbands und Abdecken einer ersten Zelle
(C1), die durch eine erste Zellidentität identifi-
ziert ist, ausführt, wobei die zweite Basisstation
Funkkommunikation unter Verwendung eines
zweiten Frequenzbands und Abdecken einer
zweiten Zelle (C2), die durch eine zweite Zelli-
dentität identifiziert ist, ausführt; und
eine Nutzervorrichtung (UE), die konfiguriert ist,
um Funkkommunikation mit jeder der Basissta-
tionen auszuführen,
wobei die erste Basisstation (eNB) aufweist:

eine erste Übertragungseinheit (242), die
konfiguriert ist, um an einem ersten Über-
tragungszeitpunkt ein erstes Synchronisa-
tionssignal zu übertragen, das die erste Zel-
lidentität angibt, die die erste Zelle identifi-
ziert, die von der ersten Basisstation abge-
deckt ist,

wobei die zweite Basisstation (PhNB) aufweist:

eine zweite Übertragungseinheit (342), die
konfiguriert ist, um ein Identifizierungssig-
nal zu übertragen, das die zweite Zelliden-
tität angibt, die die zweite Zelle identifiziert,
die von der zweiten Basisstation abgedeckt
ist,

wobei die Nutzervorrichtung (UE) aufweist:

eine Zellsucheinheit (132), die konfiguriert
ist, um den ersten Übertragungszeitpunkt
beruhend auf dem ersten Synchronisati-
onssignal, das von der ersten Basisstation
empfangen wurde, zu erfassen und eine
Zeitpunkt-Suchverarbeitung auszuführen,
die eine Synchronisation mit der ersten Ba-
sisstation herstellt,

wobei die erste Basisstation (eNB) weiter auf-
weist:

eine Informationsbenachrichtigungseinheit
(244), die konfiguriert ist, um der Nutzervor-
richtung Synchronisationszustandsinfor-
mationen in Verbindung mit einem Synchro-
nisationszustand zwischen der ersten Ba-
sisstation und der zweiten Basisstation, und
Frequenzinformationen in Verbindung mit
einer Identifizierungssignalfrequenz, die
die zweite Basisstation verwendet, um das
Identifizierungssignal zu übertragen, mitzu-
teilen, wobei die Identifizierungssignalfre-
quenz im zweiten Frequenzband aufgewie-
sen ist, wobei die Synchronisationszu-
standsinformationen angeben, ob die erste
Basisstation und die zweite Basisstation
synchronisiert sind, oder einen Übertra-
gungsversatzwert für den ersten Übertra-
gungszeitpunkt an der ersten Basisstation
angibt, und
wobei die Zellsucheinheit (132) der Nutzer-
vorrichtung beruhend auf den Synchronisa-
tionszustandsinformationen von der ersten
Basisstation konfiguriert ist, um eine Iden-
tifizierungsverarbeitung über die Identifizie-
rungssignalfrequenz auszuführen, die von
den Frequenzinformationen angegeben
wird, um die zweite Zellidentität zu identifi-
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zieren, die von dem Identifizierungssignal
angegeben wird.

2. Funkkommunikationssystem nach Anspruch 1,
wobei die erste Basisstation und die zweite Basis-
station miteinander synchronisiert sind, um Funk-
kommunikation auszuführen,
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um ein zweites
Synchronisationssignal an einem zweiten Übertra-
gungszeitpunkt zu übertragen,
wobei die Synchronisationszustandsinformationen,
die von der Informationsbenachrichtigungseinheit
(244) der ersten Basisstation mitgeteilt werden, an-
geben, ob die erste Basisstation und die zweite Ba-
sisstation synchronisiert sind, und
wobei, wenn die Synchronisationszustandsinforma-
tionen angeben, dass die erste Basisstation und die
zweite Basisstation synchronisiert sind, die Zell-
sucheinheit (132) der Nutzervorrichtung, ohne eine
Zeitpunkt-Suchverarbeitung für die zweite Basissta-
tion auszuführen, konfiguriert ist, um eine Identifizie-
rungsverarbeitung beruhend auf dem ersten Über-
tragungszeitpunkt auszuführen, um die zweite Zel-
lidentität zu identifizieren, die von dem Identifizie-
rungssignal angegeben wird.

3. Funkkommunikationssystem nach Anspruch 1,
wobei die erste Basisstation und die zweite Basis-
station miteinander synchronisiert sind, um Funk-
kommunikation auszuführen,
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um ein zweites
Synchronisationssignal an einem zweiten Übertra-
gungszeitpunkt zu übertragen,
wobei die Synchronisationszustandsinformationen,
die von der Informationsbenachrichtigungseinheit
der ersten Basisstation mitgeteilt werden, angeben,
ob die erste Basisstation und die zweite Basisstation
synchronisiert sind, und
wobei wenn die Synchronisationszustandsinforma-
tionen angeben, dass die erste Basisstation und die
zweite Basisstation synchronisiert sind, die Zell-
sucheinheit (132) der Nutzervorrichtung konfiguriert
ist, um den zweiten Übertragungszeitpunkt durch
Ausführen einer Zeitpunkt-Suchverarbeitung für die
zweite Basisstation über einen vorbestimmten Zeit-
raum, der den ersten Übertragungszeitpunkt auf-
weist, zu identifizieren, und eine Identifizierungsver-
arbeitung beruhend auf dem zweiten Übertragungs-
zeitpunkt auszuführen, um die zweite Zellidentität zu
identifizieren, die von dem Identifizierungssignal an-
gegeben wird.

4. Funkkommunikationssystem nach Anspruch 1,
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um das Identi-
fizierungssignal an einem zweiten Übertragungs-

zeitpunkt zu übertragen, wobei der zweite Übertra-
gungszeitpunkt ein Zeitpunkt ist, der vom ersten
Übertragungszeitpunkt an der ersten Basisstation
um eine Zeitlänge versetzt ist, die dem Übertra-
gungsversatzwert entspricht,
wobei die Synchronisationszustandsinformationen,
die von der Informationsbenachrichtigungseinheit
der ersten Basisstation mitgeteilt werden, den Über-
tragungsversatzwert für den ersten Übertragungs-
zeitpunkt an der ersten Basisstation angeben, und
wobei die Zellsucheinheit (132) der Nutzervorrich-
tung, ohne eine Zeitpunkt-Suchverarbeitung für die
zweite Basisstation auszuführen, konfiguriert ist, um
eine Identifizierungsverarbeitung beruhend auf dem
ersten Übertragungszeitpunkt und dem Übertra-
gungsversatzwert, der von den Synchronisationszu-
standsinformationen angegeben wird, auszuführen,
um die zweite Zellidentität zu identifizieren, die von
dem Identifizierungssignal angegeben wird.

5. Funkkommunikationssystem nach Anspruch 1,
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um das Identi-
fizierungssignal an einem zweiten Übertragungs-
zeitpunkt zu übertragen, wobei der zweite Übertra-
gungszeitpunkt ein Zeitpunkt ist, der vom ersten
Übertragungszeitpunkt an der ersten Basisstation
um eine Zeitlänge versetzt ist, die dem Übertra-
gungsversatzwert entspricht,
wobei die Synchronisationszustandsinformationen,
die von der Informationsbenachrichtigungseinheit
der ersten Basisstation mitgeteilt werden, den Über-
tragungsversatzwert für den ersten Übertragungs-
zeitpunkt an der ersten Basisstation angeben, und
wobei die Zellsucheinheit (132) der Nutzervorrich-
tung konfiguriert ist, um den zweiten Übertragungs-
zeitpunkt durch Ausführen einer Zeitpunkt-Suchver-
arbeitung für die zweite Basisstation über einen vor-
bestimmten Zeitraum zu identifizieren, der einen
Übertragungszeitpunkt aufweist, der vom ersten
Übertragungszeitpunkt um eine Zeitlänge versetzt
ist, die dem Übertragungsversatzwert entspricht, der
von den Synchronisationszustandsinformationen
angegeben wird, und eine Identifizierungsverarbei-
tung beruhend auf dem zweiten Übertragungszeit-
punkt auszuführen, um die zweite Zellidentität zu
identifizieren, die von dem Identifizierungssignal an-
gegeben wird.

6. Funkkommunikationssystem nach Anspruch 1, wo-
bei die zweite Basisstation (PhNB) weiter aufweist:

eine Empfangsleistung-Messeinheit (346), die
konfiguriert ist, um eine Empfangsleistung von
Funksignalen zu messen, die von der ersten Ba-
sisstation empfangen werden; und
eine Versatzwert-Festlegungseinheit (348), die
konfiguriert ist, um den Übertragungsversatz-
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wert festzulegen, sodass der Übertragungsver-
satzwert mit abnehmender Empfangsleistung,
die von der Empfangsleistung-Messeinheit ge-
messen wird, zunimmt,
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um das
Identifizierungssignal an einem zweiten Über-
tragungszeitpunkt zu übertragen, wobei der
zweite Übertragungszeitpunkt ein Zeitpunkt ist,
der vom ersten Übertragungszeitpunkt an der
ersten Basisstation um eine Zeitlänge vorverlegt
ist, die dem Übertragungsversatzwert ent-
spricht,
wobei die Synchronisationszustandsinformatio-
nen, die von der Informationsbenachrichti-
gungseinheit der ersten Basisstation mitgeteilt
werden, angeben, ob die erste Basisstation und
die zweite Basisstation synchronisiert sind, und
wobei, wenn die Synchronisationszustandsin-
formationen angeben, dass die erste Basissta-
tion und die zweite Basisstation synchronisiert
sind, die Zellsucheinheit (132) der Nutzervor-
richtung, ohne eine Zeitpunkt-Suchverarbeitung
für die zweite Basisstation auszuführen, konfi-
guriert ist, um eine Identifizierungsverarbeitung
beruhend auf dem ersten Übertragungszeit-
punkt auszuführen, um die zweite Zellidentität
zu identifizieren, die von dem Identifizierungssi-
gnal angegeben wird.

7. Funkkommunikationssystem nach Anspruch 2,
wobei die Synchronisationszustandsinformationen
weiter eine Identitätsliste aufweisen, die zweite Zel-
lidentitäten angeben, die den zweiten Basisstatio-
nen entsprechen, und
wobei die Zellsucheinheit (132) der Nutzervorrich-
tung konfiguriert ist, um die Identifizierungsverarbei-
tung nur für die zweiten Basisstationen auszuführen,
die den zweiten Zellidentitäten entsprechen, die von
der Identitätsliste angegeben werden.

8. Funkkommunikationssystem nach Anspruch 1,
wobei die Nutzervorrichtung weiter eine terminale
Übertragungseinheit (134) aufweist, die konfiguriert
ist, um ein terminales Entdeckungssignal zu über-
tragen, das eine terminale Kennung angibt, die die
Nutzervorrichtung identifiziert, und
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um das Identi-
fizierungssignal zu übertragen, das ein gemeinsa-
mes Signalformat mit dem terminalen Entdeckungs-
signal hat.

9. Funkkommunikationssystem nach Anspruch 1,
wobei die zweite Übertragungseinheit (342) der
zweiten Basisstation konfiguriert ist, um das Identi-
fizierungssignal gemäß einem Identifizierungssig-
nalmuster zu übertragen, wobei das Identifizierungs-

signalmuster eine Konfiguration des Identifizie-
rungssignals in jedem der Unterframes angibt und
die zweite Basisstation identifiziert.

10. Kommunikationssteuerverfahren in einem Funk-
kommunikationssystem, das umfasst:

Basisstationen, die eine erste Basisstation
(eNB) und eine zweite Basisstation (PhNB) auf-
weisen, wobei die erste Basisstation Funkkom-
munikation unter Verwendung eines ersten Fre-
quenzbands und Abdecken einer ersten Zelle,
die durch eine erste Zellidentität identifiziert ist,
ausführt, die zweite Basisstation Funkkommu-
nikation unter Verwendung eines zweiten Fre-
quenzbands und Abdecken einer zweiten Zelle,
die durch eine zweite Zellidentität identifiziert ist,
ausführt; und eine Nutzervorrichtung (UE), die
Funkkommunikation mit jeder der Basisstatio-
nen ausführt,
das Kommunikationssteuerverfahren umfas-
send:

in der ersten Basisstation Übertragen (S10,
S12) an einem ersten Übertragungszeit-
punkt eines ersten Synchronisationssig-
nals, das die erste Zellidentität angibt, die
die erste Zelle identifiziert, die von der ers-
ten Basisstation abgedeckt ist,
in der zweiten Basisstation Übertragen
(S50, S52) eines Identifizierungssignals,
das der zweiten Zellidentität entspricht, die
die zweite Zelle identifiziert, die von der
zweiten Basisstation abgedeckt ist,
in der Nutzervorrichtung Erfassen des ers-
ten Übertragungszeitpunkts beruhend auf
dem ersten Synchronisationssignal, das
von der ersten Basisstation empfangen
wird, und Ausführen (S20, S22) einer Zeit-
punkt-Suchverarbeitung, die die Synchro-
nisation mit der ersten Basisstation her-
stellt,
in der ersten Basisstation Mitteilung (S40,
S42) an die Nutzervorrichtung von Synchro-
nisationszustandsinformationen in Verbin-
dung mit einem Synchronisationszustand
zwischen der ersten Basisstation und der
zweiten Basisstation, und Frequenzinfor-
mation in Verbindung mit einer Identifizie-
rungssignalfrequenz, die die zweite Basis-
station verwendet, um das Identifizierungs-
signal zu übertragen, wobei die Identifizie-
rungssignalfrequenz im zweiten Frequenz-
band aufgewiesen ist, wobei die Synchro-
nisationszustandsinformationen angeben,
ob die erste Basisstation und die zweite Ba-
sisstation synchronisiert sind, oder einen
Übertragungsversatzwert für den ersten
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Übertragungszeitpunkt an der ersten Basis-
station angibt, und
in der Nutzervorrichtung unter Verwendung
der Synchronisationszustandsinformatio-
nen von der ersten Basisstation Ausführen
(S60, S62) einer Identifizierungsverarbei-
tung über die Identifizierungssignalfre-
quenz, die von den Frequenzinformationen
angegeben wird, um die zweite Zellidentität
zu identifizieren, die in dem Identifizierungs-
signal aufgewiesen ist.

Revendications

1. Système de radiocommunication (CS) comprenant :

des stations de base qui incluent une première
station de base (eNB) et une seconde station
de base (PhNB), la première station de base
effectuant une radiocommunication en utilisant
une première bande de fréquences et en cou-
vrant une première cellule (C1) qui est identifiée
par une identité de première cellule, la seconde
station de base effectuant une radiocommuni-
cation en utilisant une seconde bande de fré-
quences et en couvrant une seconde cellule
(C2) qui est identifiée par une identité de secon-
de cellule ; et
un dispositif utilisateur (UE) configuré pour ef-
fectuer une radiocommunication avec chacune
des stations de base,

dans lequel la première station de base (eNB) inclut :

une première unité de transmission (242) con-
figurée pour transmettre, à un premier caden-
cement de transmission, un premier signal de
synchronisation qui indique l’identité de premiè-
re cellule, laquelle identifie la première cellule
couverte par la première station de base,

dans lequel la seconde station de base (PhNB)
inclut :

une seconde unité de transmission (342) confi-
gurée pour transmettre un signal d’identification
qui indique l’identité de seconde cellule, laquelle
identifie la seconde cellule couverte par la se-
conde station de base,

dans lequel le dispositif utilisateur (UE) inclut :

un chercheur de cellules (132) configuré pour
détecter le premier cadencement de transmis-
sion sur la base du premier signal de synchro-
nisation reçu de la première station de base et
pour effectuer un traitement de recherche de ca-

dencement qui établit une synchronisation avec
la première station de base,

dans lequel la première station de base (eNB) inclut
en outre :

une unité de notification d’informations (244)
configurée pour notifier au dispositif utilisateur
des informations d’état de synchronisation rela-
tives à un état de synchronisation entre la pre-
mière station de base et la seconde station de
base et des informations de fréquence relatives
à une fréquence de signal d’identification que la
seconde station de base utilise pour transmettre
le signal d’identification, la fréquence de signal
d’identification étant incluse dans la seconde
bande de fréquences, dans laquelle les informa-
tions d’état de synchronisation indiquent si la
première station de base et la seconde station
de base sont synchronisées ou indiquent une
valeur de décalage de transmission pour le pre-
mier cadencement de transmission au niveau
de la première station de base, et

dans lequel le chercheur de cellules (132) du dispo-
sitif utilisateur, sur la base des informations d’état de
synchronisation provenant de la première station de
base, est configuré pour effectuer un traitement
d’identification sur la fréquence de signal d’identifi-
cation indiquée par les informations de fréquence
pour identifier l’identité de seconde cellule indiquée
par le signal d’identification.

2. Système de radiocommunication selon la revendi-
cation 1,
dans lequel la première station de base et la seconde
station de base sont synchronisées l’une avec l’autre
pour effectuer une radiocommunication,
dans lequel la seconde unité de transmission (342)
de la seconde station de base est configurée pour
transmettre un second signal de synchronisation à
un second cadencement de transmission,
dans lequel les informations d’état de synchronisa-
tion, qui sont notifiées par l’unité de notification d’in-
formations (244) de la première station de base, in-
diquent si la première station de base et la seconde
station de base sont synchronisées, et
dans lequel lorsque les informations d’état de syn-
chronisation indiquent que la première station de ba-
se et la seconde station de base sont synchronisées,
le chercheur de cellules (132) du dispositif utilisateur,
sans effectuer de traitement de recherche de caden-
cement pour la seconde station de base, est confi-
guré pour effectuer un traitement d’identification, sur
la base du premier cadencement de transmission,
pour identifier l’identité de seconde cellule indiquée
par le signal d’identification.
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3. Système de radiocommunication selon la revendi-
cation 1,
dans lequel la première station de base et la seconde
station de base sont synchronisées l’une avec l’autre
pour effectuer une radiocommunication,
dans lequel la seconde unité de transmission (342)
de la seconde station de base est configurée pour
transmettre un second signal de synchronisation à
un second cadencement de transmission,
dans lequel les informations d’état de synchronisa-
tion, qui sont notifiées par l’unité de notification d’in-
formations de la première station de base, indiquent
si la première station de base et la seconde station
de base sont synchronisées, et
dans lequel lorsque les informations d’état de syn-
chronisation indiquent que la première station de ba-
se et la seconde station de base sont synchronisées,
le chercheur de cellules (132) du dispositif utilisateur
est configuré pour identifier le second cadencement
de transmission en effectuant un traitement de re-
cherche de cadencement pour la seconde station de
base sur une période prédéterminée qui inclut le pre-
mier cadencement de transmission et pour effectuer
un traitement d’identification sur la base du second
cadencement de transmission pour identifier l’iden-
tité de seconde cellule indiquée par le signal d’iden-
tification.

4. Système de radiocommunication selon la revendi-
cation 1,
dans lequel la seconde unité de transmission (342)
de la seconde station de base est configurée pour
transmettre le signal d’identification à un second ca-
dencement de transmission, le second cadence-
ment de transmission étant un cadecement qui est
retardé par rapport au premier cadencement de
transmission au niveau de la première station de ba-
se d’une durée qui correspond à la valeur de déca-
lage de transmission,
dans lequel les informations d’état de synchronisa-
tion, qui sont notifiées par l’unité de notification d’in-
formations de la première station de base, indiquent
la valeur de décalage de transmission pour le pre-
mier cadencement de transmission au niveau de la
première station de base, et
dans lequel le chercheur de cellules (132) du dispo-
sitif utilisateur, sans effectuer de traitement de re-
cherche de cadencement pour la seconde station de
base, est configuré pour effectuer un traitement
d’identification, sur la base du premier cadencement
de transmission et de la valeur de décalage de trans-
mission indiquée par les informations d’état de syn-
chronisation, pour identifier la seconde identité de
cellule indiquée par le signal d’identification.

5. Système de communication radio selon la revendi-
cation 1,
dans lequel la seconde unité de transmission (342)

de la seconde station de base est configurée pour
transmettre le signal d’identification à un second ca-
dencement de transmission, le second cadence-
ment de transmission étant un cadencement qui est
retardé par rapport au premier cadencement de
transmission au niveau de la première station de ba-
se d’une durée qui correspond à la valeur de déca-
lage de transmission,
dans lequel les informations d’état de synchronisa-
tion, qui sont notifiées par l’unité de notification d’in-
formations de la première station de base, indiquent
la valeur de décalage de transmission pour le pre-
mier cadencement de transmission au niveau de la
première station de base, et
dans lequel le chercheur de cellules (132) du dispo-
sitif utilisateur est configuré pour identifier le second
cadencement de transmission en effectuant un trai-
tement de recherche de cadencement pour la se-
conde station de base sur une période prédétermi-
née qui inclut un cadencement de transmission qui
est retardé par rapport au premier cadencement de
transmission de la durée qui correspond à la valeur
de décalage de transmission indiquée par les infor-
mations d’état de synchronisation et pour effectuer
un traitement d’identification sur la base du second
cadencement de transmission pour identifier l’iden-
tité de seconde cellule indiquée par le signal d’iden-
tification.

6. Système de communication radio selon la revendi-
cation 1,
dans lequel la seconde station de base (PhNB) inclut
en outre :

une unité de mesure de puissance reçue (346)
configurée pour mesurer une puissance reçue
de signaux radio reçus en provenance de la pre-
mière station de base ; et
un régleur de valeur de décalage (348) configuré
pour régler la valeur de décalage de transmis-
sion de sorte que la valeur de décalage de trans-
mission augmente à mesure que la puissance
reçue mesurée par l’unité de mesure de puis-
sance reçue diminue,
dans lequel la seconde unité de transmission
(342) de la seconde station de base est confi-
gurée pour transmettre le signal d’identification
à un second cadencement de transmission, le
second cadencement de transmission étant un
cadencement qui est avancé par rapport au pre-
mier cadencement de transmission au niveau
de la première station de base d’une durée qui
correspond à la valeur de décalage de transmis-
sion,
dans lequel les informations d’état de synchro-
nisation, qui sont notifiées par l’unité de notifi-
cation d’informations de la première station de
base, indiquent si la première station de base
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et la seconde station de base sont synchroni-
sées, et

dans lequel lorsque les informations d’état de syn-
chronisation indiquent que la première station de ba-
se et la seconde station de base sont synchronisées,
le chercheur de cellules (132) du dispositif utilisateur,
sans effectuer de traitement de recherche de caden-
cement pour la seconde station de base, est confi-
guré pour effectuer un traitement d’identification sur
la base du premier cadencement de transmission
pour identifier l’identité de seconde cellule indiquée
par le signal d’identification.

7. Système de radiocommunication selon la revendi-
cation 2,
dans lequel les informations d’état de synchronisa-
tion incluent en outre une liste d’identités qui indique
des identités de seconde cellule qui correspondent
à des secondes stations de base, et
dans lequel le chercheur de cellules (132) du dispo-
sitif utilisateur est configuré pour effectuer le traite-
ment d’identification seulement pour les secondes
stations de base, qui correspondent aux identités de
secondes cellules indiquées par la liste d’identités.

8. Système de radiocommunication selon la revendi-
cation 1,
dans lequel le dispositif utilisateur inclut en outre une
unité de transmission de terminal (134) configurée
pour transmettre un signal de découverte de terminal
qui indique un identifiant de terminal qui identifie le
dispositif utilisateur, et
dans lequel la seconde unité de transmission (342)
de la seconde station de base est configurée pour
transmettre le signal d’identification qui a un format
de signal commun avec le signal de découverte de
terminal.

9. Système de radiocommunication selon la revendi-
cation 1,
dans lequel la seconde unité de transmission (342)
de la seconde station de base est configurée pour
transmettre le signal d’identification conformément
à un schéma de signal d’identification, le schéma de
signal d’identification indiquant une configuration du
signal d’identification dans chacune de sous-trames
et identifiant la seconde station de base.

10. Procédé de commande de communication dans un
système de radiocommunication qui comprend :

des stations de base qui incluent une première
station de base (eNB) et une seconde station
de base (PhNB), la première station de base
effectuant une radiocommunication en utilisant
une première bande de fréquences et en cou-
vrant une première cellule qui est identifiée par

une identité de première cellule, la seconde sta-
tion de base effectuant une radiocommunication
en utilisant une seconde bande de fréquences
et en couvrant une seconde cellule qui est iden-
tifiée par une identité de seconde cellule ; et
un dispositif utilisateur (UE) qui effectue une ra-
diocommunication avec chacune des stations
de base,

le procédé de commande de communication
comprenant :

dans la première station de base, la transmis-
sion (S10, S12), à un premier cadencement de
transmission, d’un premier signal de synchroni-
sation qui indique l’identité de première cellule,
laquelle identifie la première cellule couverte par
la première station de base,
dans la seconde station de base, la transmission
(S50, S52) d’un signal d’identification qui cor-
respond à l’identité de seconde cellule, laquelle
identifie la seconde cellule couverte par la se-
conde station de base,
dans le dispositif utilisateur, la détection du pre-
mier cadencement de transmission sur la base
du premier signal de synchronisation reçu de la
première station de base et la réalisation (S20,
S22) d’un traitement de recherche de cadence-
ment qui établit une synchronisation avec la pre-
mière station de base,
dans la première station de base, la notification
(S40, S42) au dispositif utilisateur d’informa-
tions d’état de synchronisation relatives à un état
de synchronisation entre la première station de
base et la seconde station de base et d’informa-
tions de fréquence relatives à une fréquence de
signal d’identification que la seconde station de
base utilise pour transmettre le signal d’identifi-
cation, la fréquence de signal d’identification
étant incluse dans la seconde bande de fréquen-
ces, dans lequel les informations d’état de syn-
chronisation indiquent si la première station de
base et la seconde station de base sont syn-
chronisées ou indiquent une valeur de décalage
de transmission pour le premier cadencement
de transmission au niveau de la première station
de base, et
dans le dispositif utilisateur, en utilisant les in-
formations d’état de synchronisation provenant
de la première station de base, la réalisation
(S60, S62) d’un traitement d’identification sur la
fréquence de signal d’identification indiquée par
les informations de fréquence pour identifier
l’identité de seconde cellule incluse dans le si-
gnal d’identification.
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